Abstract. 2014 Using the continuum theory of curvature elasticity of nematics in the small deformation approximation, the occurrence of magnetic field induced static periodic deformation (PD) relative to that of the aperiodic deformation (AD) is studied with the nematic (in Couette geometry) assumed to be confined between two coaxial cylinders and the director firmly anchored at the sample boundaries. When the initial director orientation is azimuthal and the field radial, PD is similar to a static Taylor instability. In the absence of a field PD is shown to possess a geometrical threshold like that predicted earlier for AD. When the initial director orientation is axial, a radial field may induce PD whose azimuthal domain wave vector q03C8 can take only integral values. In this geometry, q03C8 is found to vary discontinuously over certain ranges of material parameters and sample radii 2014 a situation somewhat reminiscent of the Barkhausen effect in ferromagnetic materials. A third configuration in which director distortion above threshold may suffer azimuthal modulation is briefly discussed.
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J. Phys. France 49 (1988) The Oseen-Frank theory of curvature elasticity [1] [2] [3] [4] [5] [6] [7] describes the elastic free energy density of a nematic liquid crystal as a quadratic in the spatial gradients of the unit director vector field n. The three basic director distortions -splay, twist and bend -are described by the curvature elastic constants Kl, K2 and K3, respectively. Owing to the diamagnetic susceptibility anisotropy X a of a nematic, the orientation of n can be affected by impressing an external magnetic field H. It is possible to prepare perfectly aligned nematic samples (with n = no = constant) between parallel plates. When H is applied to such a sample in a direction normal to no, a deformation in n is found to occur only when I H I exceeds a critical value Hc known as the Frdedericksz threshold. It is also found that in most nematics, the director deformation is uniform in the sample plane when I HI;&#x3E;Hc In the present work we shall refer to such a distortion as an aperiodic distortion (AD). Detec [9] .
Not only is PD a new field effect, its occurrence places a severe restriction on using the conventional method of determining K, via the splay Frdedericksz transition.
It has been shown that by using different configurations [10] [11] [12] Indeed, it has been shown by Leslie [18] 2. Governing equations, sample geometry and boundary conditions.
The Oseen-Frank bulk elastic free energy density of a nematic is given by [3] The equilibrium equations under the action of a magnetic field H and the gravitational potential G can be written as [18] where p is the hydrostatic pressure, y a Lagrangian multiplier, a comma denotes partial differentiation in cartesian coordinates, repeated indices are summed over and X 1 the diamagnetic susceptibility normal to the director. As shown in [18] , (2) Fig. 1 ) which identically satisfy (3). These are : Though the finiteness of anchoring energy must be taken into account in any realistic calculation [11, 12, 15, 16] , the rigid anchoring hypothesis is adopted in this work for the sake of simplicity. Then (11) also demands that K1 &#x3E; K3. Such a situation may be possible in discotic nematics [20] [21] [22] .
vi) With an axial field H = (0, 0, Hz), it is natural to consider AD with n = (CO, 0, SfI); cP = cP (r).
The non-linear differential equation (3) (6) 5 (7) 20. For a given material, Mz decreases to zero when R21 --&#x3E; the GT (14) (6) Mz -&#x3E; 0, as R21 -&#x3E; (R21 ),2 -When R21 &#x3E; 1, 1 M, 2 /4 as for a flat sample. vii) For geometry 1, two GTs, (11) and (14) have been found. In general, (14) is more favourable (lower) than (11) . When a spontaneous AD does occur, it seems easier for it to occur in the rz plane than to occur in the rqi plane. This may be due to the sample being closed or limited along qi but not along z.
viii) It is possible, in principle, to consider the oblique field case as done in [13] (9)- (11) except for an inter-change of Kl and K3 [18] . The field threshold and GT take the respective forms The field threshold cannot exist for a given R21 when K3/K1&#x3E; 1 + 7Tz/(log R21 )2. This may be possible close to the nematic-smectic transition [14] where K3 may diverge. GT (16) will not exist when Kl &#x3E; K3 and this may hold for certain discotic nematics [20] [21] [22] .
When H = (0, 0, Hz) is axial and n = (0, CO' SO) with 4, = 4, (r), the linearized equation (3) (1), (3) and (8) yield [19] The field threshold is given by When the field is azimuthal with H = (0, B/r, 0) one can consider deformation in the 4c plane such that n = (0, S 0 CQ) Q = Q (r). Equations (1), (3) and (8) take the form [19] The field threshold is given by whose value is formally the same as (20) ii) With an oblique field H = (A/r, B/r, 0) and a distortion n = (S 0, C 0 SQ' Ce C4» with 0 = 0 (r) and 0 = 0 (r), the threshold condition in the limit of small distortions becomes which is a combination of (20) and (22) . When R1 &#x3E; 2 h = (R2 -R1 ), (23) (3) . Linearizing these wrt 0 and 0 and using (8) (Fig. 3a, 3b) Figs. 3c, 3d) . In other cases (Figs. 3c-3f) (18) . v) For fixed k3, kl,, increases with R21; for a given R21, kl a increases with k3. This can be appreciated by remembering that k3 provides the main destabilizing effect for causing a spontaneous deformation and that k, produces the main stabilizing torque.
The above results motivate a study of MR and Qzc as functions of R21 for different material parameters kl and k3 (Fig. 4) . It 3 it is seen that GT for PD is lower than that for HD when k, is small and k3 is high (such systems are known ; for instance TMV [24, 25] (18)) and Qzc -&#x3E; 0. Thus, for k1 &#x3E; k1 b, GT for AD will be more favourable than GT for PD ; predictably, kl b is higher for a larger k3.
Before going over to the next section it should be remarked that a similar r, z dependent PD would be possible for nematics with K2 :-.. Kl provided that the field were axial (Fig. lc) . While in the flat sample case there exists a one-one correspondence [10] [11] [12] (17) ; other details remain the same) ; quantitatively, however, there remain differences. 5 . Periodic domains in geometry 3. Under the action of a radial field H = (Air, 0, 0 ), the distorted director field is assumed to be n = (Sø,CøScP,CøC4»; O=O(r,t/!,z); 0 = 0 (r, y, z). The non-linear coupled partial differential equations which result from (3) are linearized wrt 0 and 0. These, along with (8) [10] [11] [12] .
ii (26) it is not very obvious as to how this happens.
An alternate way of saying this is by using the related language of torques (for a review on the use of this language to describe hydrodynamic instabilities, see [28] (25) it is found that the 0 gives rise to a to torque -(Kl -K2) 0,,*Ir which results in a 0 with cp A "'" (KI -K2) 6 A q",/ K2 q;::&#x3E; 0 [we ignore terms -r-2 in the (25) ]. If K, &#x3E; K2, 0 causes a T e torque --(Kl -K2) OA qr q*lr 0 which aids the destabilization by the field. The ansatz (29) again suggests that the perturbations are exactly out of phase wrt 0 variation. To [29, 30] . Secondly, considering that the effect of flexoelectricity is to impart large additional elastic anisotropy to the material in certain geometries [31] it seems all the more important to include this effect while considering electric field induced PD ; after all, the relative occurrence of PD and AD does depend critically on the elastic anisotropy. Lastly, the perturbation of the electric field by the perturbations has to be taken into account fully ; this is not a very simple task (see, for instance, [5] ; also [32] and references there in).
Hence, the possibility of electric field ihduced PD will be dealt with separately.
Finally, it must be stressed that the PFM dealt with in section 6 merely indicates why the director field has a propensity to move out of the plane determined by no the ground state and H the magnetic field. When the transition does occur, it will involve dynamics. A full discussion of the transition is possible only by including viscous effects.
